T olerance to self or foreign Ags is an active process that is mediated by multiple mechanisms (1) . Central tolerance in the thymus is promoted by negative selection or central deletion of a vast array of lymphocytes capable of reacting to self molecules. However, not all Ag-reactive cells are eliminated in this fashion, and some self-reactive lymphocytes remain to be regulated by development of anergy (2) , apoptosis by Fas ligand (3), or active suppression involving regulatory cells that prevent either development or expression of effector mechanisms (4, 5) . T regulatory (Tr) 3 cells that suppress effector mechanisms are the outcome of Ag presented in a variety of organs and tissues but are studied here in a model of immune privilege in the eye, known as Anterior Chamber-Associated Immune Deviation (ACAID) (6, 7) .
Immune privilege in the eye is attributed to various local factors including the lack of lymphatic drainage (8) , Fas ligand expression (9) , and multiple immunosuppressive factors in aqueous humor (10 -13) . ACAID is characterized by a selective deficiency in delayed-type hypersensitivity (DTH) and Ig isotypes that fix complement (14, 15) . Central to the ACAID process are intraocular bone marrow-derived F4/80
ϩ APCs that capture Ag within the anterior chamber (a.c.) and carry an Ag-specific ACAID-inducing signal via the blood directly to the spleen (14, 16) . The effector phase of the DTH response is negatively regulated by spleen-generated CD8 ϩ T cells within 7 days of a.c. inoculation (17, 18) . CD1d-reactive NK T cells are central to the development of the Ag-specific Tr cell (19) .
NK T cells belong to a specialized population of lymphocytes that coexpress the TCR ␣␤-chain and NK markers (20) . A major subpopulation of NK T cells express a unique invariant V␣14J␣281 Ag receptor not expressed by conventional T cells (20 -24) . Similarly, NK T cells exists in the human and express the invariant V␣24J␣Q TCR␣-chain (25, 26). NK T cells are restricted by MHC class I-like CD1d molecules (27-29), and because the CD1d molecule also is required for the development of NK T cells, CD1d knockout (KO) mice selectively lack NK T cells (30 -32). Moreover, the NK T cell must interact with the CD1d molecule because blocking the CD1d interaction with a CD1d-specific Ab, either in vivo (19) or in vitro (K.-H.S., unpublished observations) blocks the development of Ag-specific Tr cells.
Following the NK T cell/CD1d interaction, the precise mechanism used by NK T cells to influence the development of Tr cells in the ACAID model is largely unknown but could involve soluble factors or cell-to-cell contact. It is well known that CD1d-restricted activated NK T cells produce large amounts of a variety of cytokines within minutes of signals (33). Because it was reported that IL-4 KO mice developed ACAID after Ag inoculation (a.c.) but IL-10 KO mice did not (34 -36), we predicted that IL-10 and not IL-4 would be important in the development of the Tr cells. In this report, we demonstrate that IL-10 derived from NK T cells is absolutely required for the induction of Ag-specific Tr cells following the inoculation of Ag into the eye.
Materials and Methods

Mice
Female, 8-to 10-wk-old mice were used in all experiments. C57BL/6 (B6) mice were obtained from Taconic Farms (Germantown, NY). CD1 KO mice were generated in the Transgenic Facility, Harvard Medical School (Boston, MA). In brief, the CD1d (both CD1.1 and CD1.2) deletion was created in strain 129/Sv-derived embryonic stem cells. Mutant embryonic stem cell clones were injected into C57BL/6 blastocysts to obtain chimeric mice. Heterozygous mutant animals were intracrossed in brother sister mating to obtain (C57BL/6 ϫ 129/Sv) F 2 homozygous mutants. The CD1d mutation was backcrossed to the B6 parent for six generations (N6). Progeny that lacked the CD1 gene, as determined by DNA analyses, were chosen as breeders. NK T KO mice (J␣281 KO mice) were generated at Chiba University (Chiba, Japan) (24) and backcrossed nine times to B6 mice (N9). IL-10 KO mice (C57BL/6-IL-10 tm1Cgn ) were purchased from The Jackson Laboratory (Bar Harbor, ME). The animals were maintained on food and water ad libitum until they reached the desired weight (20 -24 g). All animals were treated humanely and in accordance with the Schepens Animal Care and Use Committee and National Institutes of Health guidelines.
Induction of immune deviation and assay for DTH
ACAID was induced in mice by inoculating OVA (50 g/2 l in HBSS; Sigma, St. Louis, MO) into the a.c. (14) 7 days before sensitizing s.c. for DTH. Immune deviation was i.v. induced by inoculation of the Ag (OVA; 50 g/100 l in HBSS) into the tail vein with a 30-gauge needle 7 days before immunizing for DTH. To induce DTH, mice received an s.c. inoculation with OVA (100 g/ml in HBSS, 50 l) emulsified in CFA (50 l), and 1 week later were tested for the development of DTH by an intradermal inoculation of OVA-pulsed peritoneal exudate cells (PECs) (prepared as described below, 2 ϫ 10 5 /10 l HBSS) into the right ear pinnae. Ear swelling was measured 24 and 48 h later with an engineer's micrometer (Mitutoyo, Paramus, NJ).
Local adoptive transfer (LAT)
To test for the efferent regulatory cell of ACAID, a modified LAT assay was performed as described elsewhere (18) . In brief, T (effector) cells were generated in B6 mice by immunizing (s.c.) with OVA in HBSS and CFA, and 7 days later the primed T cells were enriched from dissociated spleen cells by removing B cells and macrophages using IMMULAN columns (Biotecx Laboratories, Houston, TX). Regulator cells were similarly enriched on IMMUNLAN columns from spleen cells of ACAID mice 7 days post a.c. inoculation of OVA. Stimulator cells were OVA-pulsed PECs as described below. Effector (5 ϫ 10 5 ), stimulator (5 ϫ 10 5 ), and regulator (5 ϫ 10 5 ) cells were mixed and resuspended in 10 l HBSS for inoculation into the right ear pinnae of naive mice. Ear swelling was measured with an engineer's micrometer at 24 and 48 h. As a negative control, naive T cells from unmanipulated mice were used as effector cells and regulator cells. Primed T cells were used as effector cells, and naive T cells from unmanipulated mice were used as regulator cells for positive control.
Preparation of OVA-pulsed PECs
PECs were obtained from peritoneal washes of B6 mice 3 days after they received an i.p. inoculation of 2.5 ml of 3% aged thioglycolate solution (Sigma). After counting, PECs were cultured with OVA (5 mg/ml) in a 24-well culture plate in serum-free medium (RPMI 1640 medium, 10 mM HEPES, 0.1 mM nonessential amino acids, 1 mM sodium pyruvate, 100 U/ml penicillin, 100 g/ml streptomycin (BioWhittaker, Walkersville, MD), and supplemented with 0.1% BSA (Sigma) and ITD ϩ culture supplement (1 g/ml iron-free transferrin, 10 ng/ml linoleic acid, 0.3 ng/ml Na 2 Se, and 0.2 g/ml Fe(NO 3 ) 3 ) (Collaborative Biomedical Products, Bedford, MA). Nonadherent cells were removed from the cultures after 18 h by three washes, and the remaining adherent cells were collected by vigorous pipetting with cold medium (4°C) before washing (three times with HBSS) to remove free OVA.
IFN-␥ assay
T (effector) cells were generated in B6 mice by immunizing (s.c.) with OVA in HBSS and CFA and 7 days later the primed T cells were enriched from spleens on IMMUNLAN columns. Regulatory cells were similarly enriched from spleen cells of ACAID mice 7 days post a.c. inoculation of OVA. Stimulator cells were OVA-pulsed PECs. Effector (2 ϫ 10 5 ), stimulator (4 ϫ 10 4 ), and regulator (2 ϫ 10 5 ) cells were mixed and cultured in 200 l serum-free medium. Supernatant were collected after 72 h, and IFN-␥ concentration was measured by quantitative capture ELISA, according to the manufacturer's instructions (PharMingen, San Diego, CA). In brief, ELISA plates (Nunc-Immuno plate; VWR Scientific Products, Bridgeport, NJ) were coated with rat anti-mouse IFN-␥ mAb (R4-6A2; PharMingen). Recombinant mouse IFN-␥ (PharMingen) was used to construct a standard curve, and biotinylated rat anti-mouse IFN-␥ mAb (XMG1.2; PharMingen) was used as the detecting Ab. Plates were treated with alkaline phosphatase-conjugated ExtrAvidin (Sigma), substrated color by p-nitrophenyl phosphate (Sigma), and OD was measured at 405 nm by a MRX Microplate reader (Synateck Laboratories, Chantilly, VA).
Antibodies
The Abs used for flow cytometry analysis were: Fc block (anti-mouse FcR␥ II/III mAb, 2.4G2), biotin, or FITC-conjugated anti-NK1.1 mAb (PK136) and Cy-Chrome 5-conjugated anti-TCR␤ mAb (H57-597), all purchased from PharMingen. Streptavidin-PE was purchased from Jackson ImmunoResearch (West Grove, PA).
Flow cytometry
Splenic NK and NK T cells were analyzed by flow cytometry. RBC were lysed by adding Tris-buffered ammonium chloride to a cell pellet of spleen cells. Staining was performed in the presence of a saturated concentration of Fc block (blocks FcR␥ II/IIIs). Cells were stained with the following reagents and colors (using concentrations recommended by the manufacturer): biotin-conjugated anti-NK1.1 mAb counterstained with streptavidin-PE; and Cy-Chrome 5-conjugated anti-TCR␤-chain mAb. Stained cells were analyzed on an EPICS XL flow cytometer (Beckman Coulter, Miami, FL). The absolute number of splenic NK T cells detected in flow cytometry was calculated from the percentage of NK T cells in the number of viable cells. The total number of viable cells harvested from the spleens before staining was determined by the trypan blue exclusion method.
Intracellular staining of IL-10
To prevent the intracellular cytokine protein from being secreted, freshly isolated splenocytes were harvested from naive or a.c.-inoculated (7 days post) B6 mice and immediately placed in HBSS with 5 g/ml brefeldin A (Sigma) (37) . Cells were incubated with Cy-Chrome 5-conjugated anti-TCR␤-chain and biotin-conjugated anti-NK1.1 mAb counterstained with streptavidin-PE in HBSS supplemented with 5 g/ml brefeldin A. Three hours after harvesting the cells, they were fixed and permeabilized with PermeaFix (Ortho Diagnostics, Raritan, NJ) and stained by FITC-conjugated anti-IL-10 mAb or FITC-conjugated isotype control Ab (IgG2b, clone name: R35-38) and then analyzed by flow cytometry. 
NK T/NK cell enrichment
RNase protection assay (RPA)
Total RNA was extracted from whole splenocytes and in vitro Con Astimulated splenocytes using Trizol (Life Technologies, Grand Island, NY) according to the manufacturer's guidelines. Five micrograms of total RNA was then subjected to RiboQuant Multiprobe RNase Protection Analysis (PharMingen) using a riboprobe encoding multiple cytokine genes (mck-1, mck-3b). The hybridization products were resolved on a polyacrylamide sequencing gel that was dried and subjected to phosphorimaging with the FX Molecular Imaging System (Bio-Rad, Richmond, CA).
RT-PCR
Total RNA was extracted from whole splenocytes and enriched NK T cells 7 days after a.c. inoculation using Trizol. To identify ␤-actin, IL-4, and IL-10 mRNAs total RNA was reverse transcribed and amplified by the Access RT-PCR System (Promega, Madison, WI) according to the manufacturer's guidelines. PCR products were electrophoresed on 1.8% agarose gel in the presence of 100,000ϫ GelStar nucleic acid gel stain (FMC BioProducts, Rockland, ME). Bands were photographed and quantified by FX Molecular Imaging System (Bio-Rad). The amount of RNA in each sample was standardized by preliminary amplification for ␤-actin, and readjusting the sample concentration according to densitometry reading of ␤-actin bands, as described above. The adjusting systems were repeated until ␤-actin bands were equalized in serially diluted samples.
Semiquantitative analysis of IL-10 mRNA was preformed by a competitive RT-PCR as described before (38, 39) . In brief, the IL-10 competitor cDNA was synthesized from Con A-stimulated splenocytes by RT-PCR using IL-10 competitor sense and IL-10 antisense. The initial sample mRNA level was normalized by ␤-actin bands. An equivalent amount of samples were coamplified with an added constant concentration of the competitor. The competitor and target shared the same IL-10 sense and antisense primers used for target amplification. Both target and competitor were coamplified with equal amplification efficiencies in the same PCR tube. After PCR products were visualized, the target/competitor ratio was calculated for semiquantification.
Primers used in these experiments are listed below. For amplification: ␤-actin; sense 5Ј-GTG GGC CGC TCT AGG CAC CAA-3Ј and antisense 5Ј-CTC TTT GAT GTC ACG CAC GAT TTC-3Ј (product size: 539), IL-4; sense 5Ј-ATG GGT CTC AAC CCC CAG CTA GT-3Ј and antisense 5Ј-GCT CTT TAG GCT TTC CAG GAA GTC-3Ј (product size: 398), IL-10; sense 5Ј-ACC TGG TAG AAG TGA TGC CCC AGG CA-3Ј and antisense 5Ј-CTA TGC AGT TGA TGA AGA TGT CAA A-3Ј (product size: 237 bp). For IL-10 competitor construct: IL-10 competitor sense; 5Ј-ACC TGG TAG AAG TGA TGC CCC AGG CAT GGG TGA GAA GCT GAA GA-3Ј and antisense 5Ј-CTA TGC AGT TGA TGA AGA TGT CAA A-3Ј (product size: 197 bp).
Reconstitution of J␣281 KO mice
J␣281 KO mice were ␥-irradiated (cesium, 200 rad, Mark 1 irradiator, J.L. Shepherd and Associates, Glendale, CA) 1 day before receiving 10 6 mouse NK T/NK-enriched cells from either WT or IL-10 KO mice by i.v. route. NK T/NK cells were enriched as described above. Twenty-four hours after reconstitution, reconstituted NK T KO mice were inoculated (a.c.) with OVA (50 g/2 l in HBSS). Spleens were removed 1 wk after the a.c. inoculation, dissociated cells were pooled, and splenic T cells were enriched as described above. Enriched splenic T cells were transferred to naive B6 mice as regulator cells with effector (derived from B6 mice) and stimulator cells (derived from B6 mice) and tested in a LAT assay.
Statistics
Data were analyzed for significant differences among experimental groups by ANOVA and Scheffe's test. A value of p Յ 0.05 was considered significant.
Results
Correlation of IL-10 mRNA production with development of Agspecific Tr cells in ACAID
After Ag is inoculated into the eye, the development of systemic tolerance, in general, and Ag-specific Tr cells, in particular, are dependent on NK T cells interacting with CD1d molecules (19) . Thus, we proposed that the CD1d interaction stimulated the NK T cell to produce cytokines that were influential in the differentiation of T cells into regulatory cells. Knowing that we were able to detect increased numbers of NK T cells in the spleen following a.c. inoculations, we reasoned that we would be able to detect increases in cytokines related to the induction of systemic tolerance, as well. Using various kinds of KO mice deficient in NK T cells, we tested whether the unique cytokines were dependent on the presence of the NK T cells. Initially, total RNA from spleens from WT (B6) and CD1d KO mice was screened for differences in cytokine mRNA. Seven days after OVA was inoculated (a.c.) into WT or CD1d KO mice, the mRNA level of various cytokines in total splenic RNA was compared by RPA using RiboQuant MultiProbe. There were no remarkable differences in TFN␣, IFN-␥, or TGF␤ from WT and CD1d KO mice, and we were unable to detect any bands of IL-4 or IL-10 mRNA in either sample by this RPA (Fig. 1A) . However, the RT-PCR product from splenic mRNA from a.c.-inoculated WT mice produced more IL-10 mRNA than a.c.-inoculated CD1d KO mice (Fig. 1B) .
Both semiquantitative and competitive RT-PCR were used to determine relative quantities of the IL-10 mRNA (Fig. 1C) . The IL-10 mRNA level in spleen cells from naive (nontreated) mice was compared with that of a.c.-inoculated WT and CD1d KO mice, respectively. Analysis of RNA from a.c.-inoculated WT mice, but not from a.c.-inoculated CD1d KO mice, clearly showed an increase in IL-10 mRNA compared with RNA from naive mice (Fig. 1C) . These observations confirmed the importance of IL-10 in ACAID (35, 36) .
Deficit in IL-10 production correlates with failure of J␣281 KO mice to develop Ag-specific Tr cells post a.c. inoculation
The majority of CD1d-reactive NK T cells in the spleen are V␣14
ϩ NK T cells that express a single invariant TCR␣-chain encoded by the V␣14J␣281 segment (21-23). J␣281 KO mice show marked reduction in total NK T cells in multiple organs (24) and, while lacking V␣14 NK T cells, express CD1d molecules. WT (B6) mice and J␣281 KO mice were inoculated a.c. or i.v. with OVA 7 days before s.c. sensitization with OVA and CFA, and tested 14 days later for a DTH response by inoculating OVApulsed PECs into the ear pinnae. In contrast to WT mice that developed decreased DTH expression regardless of the route of inoculation, J␣281 KO mice inoculated with OVA a.c. (but not i.v.) failed to show suppression of the DTH response ( Fig. 2A) .
A LAT assay was used to test whether the lack of DTH suppression correlated with a defect in the Ag-specific Tr cells (18) . J␣281 KO mice were inoculated (a.c.) with OVA 7 days before harvesting, dissociating, and enriching T cells from the spleens for use as regulator cells. Tr cells were then cotransferred with OVAprimed T cells (effector cells from B6 mice) and OVA-pulsed PECs (stimulator cells from B6 mice) into the ear of naive B6 mice. In contrast to T cells from WT mice, T cells from J␣281 KO mice who received OVA (a.c.) were unable to suppress the DTH response (Fig. 2B) . To confirm that Tr cells were generated we developed an in vitro assay. Because IFN-␥ is a Th1 cytokine that correlates in part with an in vivo DTH response, we tested whether 1) the Tr cells in ACAID interfered with in vitro production of IFN-␥; and 2) whether suppression of IFN-␥ of Tr cells was dependent on V␣14 NK T cells. T cells from a.c.-inoculated mice were cocultured with OVA-primed T cells and OVA-pulsed PECs (mimics CPU mixture in LAT assay). Culture supernatants were collected 72 h later, and the concentration of IFN-␥ was measured by ELISA. In contrast to T cells from WT mice, T cells from OVA a.c.-inoculated J␣281 KO mice failed to suppress IFN-␥ production (Fig. 2C) . Thus Tr cells generated in ACAID suppress IFN-␥ production in vitro. These results confirmed expectations that V␣14 NK T cells were needed for the generation of the Ag-specific efferent Tr cells in ACAID.
We also examined total RNA from spleen cells from naive, a.c.-inoculated WT, or J␣281 KO mice for levels of IL-10 mRNA. We observed that WT mice inoculated (a.c.) with OVA had increased levels of splenic IL-10 mRNA compared with naive B6 mice or a.c. inoculated J␣281 KO mice (Fig. 3) . Thus, induction of systemic tolerance through the eye correlated with increased production of IL-10 mRNA in the spleen.
Splenic IL-10 mRNA does not increase post i.v. OVA inoculation
Unlike a.c.-induced tolerance, i.v.-induced tolerance is not dependent on NK T cells or the generation of an efferent negative regulatory cell (19) . However, like a.c.-induced tolerance, i.v. tolerance is dependent on the spleen for the generation of immune deviation and suppression of DTH. Thus, the possibility was raised that tolerance mechanisms in the spleen might be shared by these two routes of inoculation. Similar to CD1d KO mice, J␣281 KO mice developed tolerance after i.v., but not a.c., inoculation ( Fig.  2A) (19) . When the quantity of splenic IL-10 mRNA was compared, a.c.-, and not i.v.-, inoculated mice showed an obvious increase in IL-10 mRNA (Fig. 4) compared with naive mice at day 7 after inoculation. Thus, the IL-10 mRNA increase in the spleen correlated with the a.c. route of inoculation of the Ag and the need for NK T cells.
The role of NK T cells in the production of IL-10
To examine whether NK T cells themselves produced IL-10, highly enriched FACS-sorted NK T cells were prepared from spleen cells harvested from the various experimental groups (Fig.  5A) . When the total RNA was harvested from each NK T cell sample and the level of IL-10 mRNA was determined and compared, we observed that IL-10 mRNA was markedly increased in FACS-sorted NK T cells from a.c.-inoculated mice (Fig. 5B ) compared with naive mice, thus indicating that splenic NK T cells produced more IL-10 following a.c. inoculation.
To determine whether the IL-10 mRNA was translated into protein, the number of splenic NK T cells expressing intracellular (Fig. 6, left) and were examined for their intracellular expression of IL-10. We observed that the numbers of NK T cells with intracellular IL-10 were increased in a.c.-inoculated mice compared with i.v.-inoculated or naive mice (Fig.  6, right) .
Adoptive transfer of NK T cells from IL-10 KO mice could not reconstitute ACAID in J␣281 KO mice
Previously we showed that NK T cells (and CD1d ϩ splenic APCs) reconstituted the ability to induce systemic tolerance via the eye in CD1d-deficient mice (19) . To determine whether NK T cell-derived IL-10 was needed for the generation of the Tr cells that mediate the systemic tolerance, we enriched NK/NK T cells (10 6 ) from spleens of IL-10 KO (or WT) mice to reconstitute the ACAID-inducing ability of the J␣281-deficient animals (Fig. 7A) . Enriched mixed populations of NK/NK T cells were used as a source of the NK T cell because NK cells are unable to restore ACAID (19) . Moreover, there was no deficiency in the numbers of NK T cells harvested from IL-10 KO mice compared with WT mice (data not shown).
J␣281 KO mice were reconstituted (i.v.) with NK/NK T-enriched cells (10 6 ) from WT or IL-10 KO mice 7 days before being inoculated (a.c.) with OVA. Eight days later, T cells were enriched from the spleens. The enriched T cell populations from a.c.-inoculated mice were then used as regulatory cells in the LAT assay to assess their ability to down-regulate a DTH response in vivo. Control regulatory cells were enriched T cells from spleens of a.c.-inoculated nonreconstituted (irradiated) J␣281 KO mice. Tr cells from a.c.-inoculated WT mice suppressed the DTH response in the ear (Fig. 7B) . However, NK/NK T-enriched spleen cells from IL-10 KO mice did not (Fig. 7C) . Thus NK T cell-derived IL-10 is essential for the differentiation of Tr cells during systemic tolerance induction subsequent to a.c. inoculation of OVA.
Discussion
IL-10 is associated with immunosuppression (40), graft survival (41), tumor growth (42), and down-modulation of both Th1 and Th2 responses (43, 44) . This report shows that IL-10 also plays a pivotal role in the development of systemic tolerance induced after Ag is inoculated into the eye, but not i.v., and that the V␣14 ϩ NK T cells are a required source of the IL-10 needed for the generation of the Ag-specific Tr cells in the ACAID spleen.
The observation that NK T cell-derived IL-10 is required for tolerance induction is different from previous data showing that APC-derived IL-10 is essential for ACAID induction (35, 36) . In fact, although recent reports show that a variety of cells (45, 46) , including NK T cells (47, 48) , produce IL-10 in response to a variety of stimuli, the cellular source of IL-10 in most published studies on tolerance is the dendritic cell (DC) (49 -51) . It is thought that the induction of immune response or tolerance is mediated by corresponding subsets of DCs. It is well known that IL-10-treated DCs induce systemic tolerance (52) . DC-derived IL-10 within the skin site of UV irradiation is important in UV-induced tolerance (53) . Although the properties of the tolerogenic DC are not entirely clear, they share attributes with the ACAID inducing eye-derived F4/80 cells, in that they lack CD40 expression and IL-12 production, but produce IL-10 in association with induction of Tr cells and systemic tolerance (50) .
The exact role of IL-10 in development of tolerance is not known, although it is often thought that regulatory cell-derived IL-10 directly down-regulates immune effector cells (54 -56) . Several reports suggested that IL-10 is important for the induction of Tr cells (57) (58) (59) . Zeller et al. showed that IL-10 and TGF␤ induced Tr cells during alloantigen-specific tolerance (58). Rizzo and colleagues showed that feeding mice interphotoreceptor retinoid binding protein (IRBP) before uveitogenic challenge (with the same Ag) provided protection against the development of uveitis. In their studies, both IL-10 and IL-4 were required for the development of TGF␤-producing Ag-specific Tr cells that, in turn, prevented the development of autoimmune uveitis after a low dose regimen of Ag (59) . These observations support reports that show that feeding small amounts of protein produces Ag-specific tolerance by active suppression (60) . This is not the first report of a role for IL-10 in the development of ACAID. D'Orazio and colleagues reported that TGF␤-treated APCs (ACAID-inducing APCs) from IL-10 KO mice did not prevent a subsequent DTH response to immunizing Ag (35) . Furthermore, Gao et al. suggested that in response to Ag inoculated into the a.c., Fas/Fas ligand-induced apoptotic cells in the eye produced IL-10 that was critical for the development of systemic immune deviation (36) . Data in this report support a role for NK T cellderived-IL-10 within the splenic microenvironment of Ag presentation for tolerance induction. Moreover, we propose that once the eye-derived APCs reach the spleen, recruited NK T cells produce IL-10 that is necessary for the generation of the Tr cell involved in mediating active suppression of DTH responses in the periphery. The data show that 5% of splenic NK T cells make IL-10 and support the notion that a subpopulation within the spleen, perhaps within the tolerance-inducing microenvironment, make the IL-10. The target of the NK T cell-derived IL-10 is currently unknown but could be the Ag-specific T lymphocyte, destined to differentiate into a regulatory cell or the eye-derived APC that then interacts with the T lymphocytes. IL-10 has the capacity to downregulate costimulatory molecules (including B7 and CD40) on APCs (61, 62) . However, previous reports showed that the ACAID-inducing eye-derived APCs lacked expression of CD40 and were already making TGF␤ (63, 64) . Thus, in the ACAID paradigm for systemic tolerance there is no need for the NK T cell-derived IL-10 influence on the APCs in the spleen. Currently, our bias is that the target of the NK T cell-derived IL-10 is the T lymphocyte, and the purpose of the IL-10 is to influence the differentiation of the T cell into the Ag-specific regulatory cell.
Previous reports showed that IL-4 KO mice developed ACAID (34, 35), but IL-10 KO mice did not (35, 36) . NK T cells produce a variety of cytokines (including IL-4, IFN-␥, and IL-10) in response to signals (47, 48, 65) . Here, we show that during the induction of systemic tolerance after Ag inoculation into the eye, IL-10 mRNA and protein is selectively up-regulated and is absolutely required for the development of active suppression. Thus, although IL-4 is the cytokine usually associated with down-regulation of inflammation (66) and induction of Th3 Tr cells in oral tolerance (67) , during the development of eye-induced active suppression, NK T-derived IL-10 is the major player.
It is possible that other immunosuppressive cytokines also contribute to the development of active suppression mediated through the eye. Another potentially important cytokine for the generation of Tr cells is TGF␤ (68) . Although NK T cells are capable of producing TGF␤ (69), we did not observe any effect of a.c. Ag inoculation on TGF␤1 mRNA levels in the spleens of WT or CD1d KO mice using either RPA (Fig. 1A) or RT-PCR (data not shown). Because TGF␤ regulation occurs at the protein level by enzymatic conversion of latent TGF␤ to active TGF␤ (70, 71) , future studies will use a biological assay to distinguish latent from active TGF␤.
Induction and maintenance of Ag-specific tolerance are required for immune homeostasis, prevention of autoimmune disorders, and are the goals of allotransplantation. A relationship among ACAID, self-tolerance, and autoimmunity is suggested by reports that induction of ACAID in mice both prevented the onset and the expression of existing experimental autoimmune uveitis (72) . Moreover, several published reports imply a role for NK T cells in preventing certain autoimmune disease in humans (73, 74) and in mice (75) (76) (77) . Together, these reports support the notion that autoimmunity associated with NK T cell defects may be mediated by disruption of organ-specific tolerance mechanisms that include NK T cell CD1d interactions and NK T cell-derived IL-10.
